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By Donald B. Talmage and John P. Reeder 

S U M M A R Y  

The f lying  qual i t iee  of a C-54D airplane were measured as a pre1ImLmu-y 
t o  an invest igat ion  to  determine whether the flylngqualities requirements 
needed t o  be revised or mended in view of the present problem of b l ind  
approaches and landings with modern large airplanes. This paper preeents 
the   l a te ra l  and d i rec t iona l   s tab i l i ty  and cmt ro l   cha rac t e r i s t i c s  of the teet  
airplane. 

The di rec t iona l   s tab i l i ty  and control   chmacter is t ics  met all the 
requirements and were coneldered good. The l a t e ra l   s t ab i l i t y   cha rac t e r i s t i c s  
were satfsfactorg. The aileron  effectiveness pb/2T with full ai leron 
deflection w-aa slightly  less  than the specified minimum of 0.07 i n  l e f t  
r o l l s .  Because of an asymmetry that may be peculiar t o  the part icular  
airplane,  approximately 3i0 l e f t   a i l e ron  was required for trim; however, 
had the  airplane trimmed with the  ailerons  neutral ,  the value of pb/m 
would have been 0.076 in   the  clean conditian and 0.069 in the flap8 and 
gew-down condition. The aileron  control  forces t o  obtain t h e  
maximum pb/2V exceeded 80 pounds above 175 miles per hour. 

The f r i c t i o n  in  the  aileron  control aystem prevented  the  ailerons from 
re turn ing   to  their trim positions when the c a r o l  wheel was released in  the 
t e s t s  for the d p a n f c   l a t e r a l   s t a b i l i t y .  

Several special t e a t s  were run at the request of the A i r p l a n 3  Hardllfng 
Qualities Subcommittee of the Air Transport Asabciation. The ~ - 8 a ~ l - t ~  of 
these  tes ts  show that: 

1. The pitch d m  t o  swing velocity and sideelip in skid turns was not 
suff ic ient  t o  cause any appreciable  loss in altitude. 

2. An asymmtric load condition  equivalent t o  an empty outboard  tank 
required  approximately 40 percent of full aileron  deflection f o r  l a t e r a l  
balance at 120 miles per hour but  sqfficient aileron deflection remained t o  
f ly   the  a i rplane safely. 
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3 .  The length of time t o  reach a danmroue a t t i t ude   a f t e r  the  parer 
of the most c r i t i c a l  e@.m is l o s t  during take-of'f o r  wave-off is long 
enough t o  a l l o w  the pilot   to   apply  correct ive  act ion and recover. 

I H T R O D l l C T L O W  

In connection with a s t u w  of the airline problem concerning  instrument 
flying and blind l a d h g a  in large  airplanes, handlin&qualities investi- 
gations were made of a Douglas C+kD, the militcry cargo  version of the 
camme2.cia.l Dc-k Skymaster. The t e a t s  were conducted at the Langley 
Aeronautical  Laboratory, Langley Field, Va. in the latter part of 1946 and 
in the early part of 1947. Reference 1 d l s c ~ s e s  the blind-qproach  tests 
and s h m  that no new flsing technfques were used and that the present 
handlwualities requirements do not need additiona o r  revleiow i n  view 
of the necessity of performing such precision flying. Reference 2 disCUsSe8 
the par t icular ly  troublesome effects of excessive  friction  in  the  control 
system, This paper presents tb  results of the tmts of the lateral and 
d i r e c t i d   s t a b i l i t y  and control  characterist ics.  The longitudinal s t a b i l i t y  
and control  characterist ic8 and the stalling characterist ics will be preaented 
in  subsequent papere. 

D E S C R I P T I O N  O F  A I R P L A N E  

The C+4D tested was a f o m n g i n e ,  10- monoplane with retractable F 

tr icycle  landing gem, steerable nose wheel, and single slotted f laps .  The 
control  surfaces were fabric  covered and the remaAnder of the airplane was 
metal. covered. The elevator and the rudder had plain, round-nose overhanging 
balance and the aileron3 had Frise type balance, The right aileron and the 
elevators had trim tabs and the  rudder had a combination epring and trim tab. 
The t e e t s  were mde at a -+ff w e i g h t  of approximately 54,000 pounds and a 
centewf-vity  position of about 17 percent man aerodynamfc chord  with 
w h e e l s  up. General  specificatione for the  airplane are given in table I. 

Several  photographs of the  tes t   a i rplane are shown as figwe 1. The 
variatione of the pilot's control  poeition -&th cantrol+urf%ce angle for 
the elevator, aileron, &'rudder are shown in figure 2. The characterietice 
of the  rudder spring tab (or  flying tab)  are presented in figure 3; the ratio 
between rudder-pedal position and t ab  position with the  rudder f ixed could 
not be measured accuratelr  because of s t re tch  in the  control system. It 
was estimated, however, that the pedal moved 0.02 inch per degree movemant 
of the t ab .  The investigation was conducted with the automatic-pilot sem+ 
units installed.  In this condition, the Priction in the  control systems 
was 215 pounds for  the  elevator, f12 poLinde for   the  ailerons, and k30 pounds 
for   the rudder as measurad i n  flight. The serpc+units were responsible fo r  r 
about f10 pounds f r i c t i o n  in each control system. The ef fec ts  of t h i s  
f r ic t ion  a r e  discussed i n  references 1 and 2. 

& 
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I N S T R U M E N T A T I O N  

The t e s t  data were -corded by the standad W A  continuous  recording 
photographic  inatmnnents. The following is a list of the quantitiee 
measured and the NACA inetrument  recording each quantity: 

r 
Measured quantity XACA instrument 

Elevator,  rudder, and aFleron Electrical  control-gosition 
control-surface  position and 

i 
t ab position; aileron wheel 

r e c o r b r  

posit  ion 

Elevator  control column and b k C m C d  C O d X ? O l " p o E ~ t i ~  

rudder-pedal position remder 
~ 

~ ~ o m ,  t r w e r s e ,  a ~ d  1 ~ -  Sensitive nomd. air-damped 
tudinal accelerations recording accelerometer and 

three-xmpnent air-damped 
recording  acceleromter; 
norJnaleccelerat I o n  indicator 

Rolling,  pitching, and yawing Electrical  gyrc+mcording turn 
veloc it i e  s matere 

Angle of bank Air-damped pendultzwtype recording 
inclinometer 

Control  forces S t r a i n e e 4 n . e  f o n e  recorders 

Airspeed and alt i tude Pressure-cell-type pressure 
recorders with s ta t ic   or i f ices  
on a free swiveling head mounted 
on a b o a  1 chord length ahead 
of the left wing t i p  and a sensi- 
tive afrspeed indicator - 

Electrical resistance bulb the- 
e t e r  and indicator 

Position with respect  to runway 35-amn camera in the nose I Tlme Timer (synchronizing all records) 
I i 
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The electrical  control-position  tranamitters were the slide-wire 
resistance-tym and were mounted within the structure and connected to   the 
elevator and rudder bell cranks and the ai leron push-pull tubea an3 the 
aileron  control wheel. The mechanical position  recorders were connected 
t o  the  copilot 's coIltrol column and right rudder pedal. 

The accelerameters and turn metere mre nmunted in  the main cargo 
section,  close to   the   cen ter  of gravity. 

The s ides l ip  angle K&B measured by a vane mounted on a boom 1 chord 
length ahead of the right w i n g  t i p .  krevioue tests have indicated that 
the spnwise flow at that point is negligible and therefore no correckions 
were applied. 

The pilot ' s   control  &eel w a s  removed and replaced by a special  control 
. wheel incorporating  electrical  strain gages installed t o  masure push and 

pull forces and circumferentially  applied  forces. The special wheel had a 
diameter of l3b Inches, while the normal wheel had a diameter of 1 4  inches. 
N o  correction8 were applied t o  the data presented due t o  the  difference In 
wheel sizes, but the aileron  control  force f o r  a standard wheel may be 
calculated by multiplgng  the  forces  presented by a factor of 0.946. The 
rudder-pedal force w-as lnsasured by e l ec t r i ca l  s t r a i m  units attached 
t o  the pi lo t  ' 8  pedals. 

4 

The calibrated  airsped  given herein i a  that which  would correspond 
to the  reading of a standard Army-MaVy airspeed  indicator connected t o  a 
pi tot-6tat ic  head free from position error and is  equal t o  the true  airspeed 
at standard sea-level conditions. The calibrated airspeed is defined as 
f ollowa : 

I 

V, = 45.08 fo  

where 

f0 compressibility  factor dependent T on %/p0 

s, impact pressure (difference between t o t a l  pressure and f'ree-etressl 
s t a t i c  pressure) 

50 f'ree-stream eta t i c  pressure f o r  standard sea-level conditione 

The free-stream  static pressure w a s  masured by a free-swiveling s t a t i c  
head  mounted  on a boom 1 chord length ahead of and s l ight ly  below the left 
wing t ip .  The s t a t i c  head was calibrated bpmeans of a trailing  airspeed I 
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head. The total head was measured by a shielded t o t a l d e a d  pressure  tube 
located on t h e   a i r s p e d  boom behind the s t a t i c  pressure head. 

T E S T S ,  R E S U L T S ,  A R D  D I C U S S I O N  

The resu l t s  are discussed  according to   the  specif icat ions  set   for th  
in  reference 3. 

The l a t e r a l  and directional short-period osciJlations were investi- 
gated by abruptly  deflecting and releasing the rudder and the  ailerons 
separately while leaving  the  other  controls free at eeveral different 
speeds. Figure 4 s h m  tinre his tor ies  of typical  rudder  kicks and releases 
at  a low speed and at a high speed and figure 5 shows s-ar time h is tor ies  
for   the  a i lerons.  The rudder did not return immediately t o  trim but came 
back  gradually; however, it did not osci l la te .  The slow return of the ' 

rudder was due t o  its tendency to f loa t  with the re lat ive KJad. The 
directional o s c i l h t i o n  as Indicated by the a ides l ip  angle was dmapd t o  
less than 1/2 amplitude In one cycle. The ailerons did not return 
completely t o  the trim position due t o  the f r i c t i o n  in the control system, 
but they did not oscillate. The airplane  continued to roll slowly due to 
the  displaced aileron. 

Adverse Aileron Yaw and Rudder to Overcome Adverse Aileron Yaw 

The adveyse ai leron yaw (s idesl ip  due t o  aileron deflection and 
roll ing  velocity) asd the anbunt of rudder t o  uverccrme the adverse yaw 
were measured in  r o l l s  out of 45' banked turna in the clean condition at 
about 150 miles per hourand  the approach condition  (flaps 20°, gear 
down) at approximately 135 miles per hour. The approach condition m s  
used rather  than the full-flap, gear-down condition because it duplicated 
the  condition  used by the a i r l i nes  during the amoach where m e t  
maneuvering is  done. The adverse  aileron yaw was evaluated for rudde- 
fixed roll"auts, and figure 6 shows the maxhum change i n  sideslip due t o  
varying amounts .of aileron  deflection. The maximum s ides l ip  angles 
attained with ful l  aileron  deflection was about 10' in the  clean  condition 
and about 8O for the approach condition. 

A measure of the rudder cont ro l   to  overcome the yaw due t o  the  ailerons 
was obtained by using several amounts of rudder deflection during the   ro l l s  
out of turns. Tims h i s tor ies  of r o l l s  oub of turns using varying amounts 
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of rudder &re given in   f igures  7 and 8. The rudder was suff ic ient ly  
powerful t o  produce yawing velocity  in  the  opposite  direction  xithout 
using f u l l  rudder deflection. About 100 pounds pedal force  vas  required 
to   o f f se t  the aileron yaw and therefore  the  requiremnts were met. 

c 

t 

Sideslip  Characteristics 

The characteristic8 of the.afrplane in  eidesl ip  were meaeured i n  
straight, steady  sideslip6 i n  various flight conditfons. Records w e r e  
taken of the  aileron,  elevator, and rudder  deflectiona and control  forces, 
the angle of bank, and the angle of sideslip. Figures 9 through 13 show 
the results of these sideslips. 

_Directional stabi1itz.- The control-fixed s ta t ic   d i rec t iona l   s tab i l i ty  
as shown by the variation of rudder  deflection with s ides l ip  angle w a s  
positive i n  all conditiona (left rudder  deflection was required  for right 
s ides l ip  aml right rudder, f o r  left sideslip).  The sideslip eLngle was 
always proportional t o  the rudder deflection and therefore the requirements 
were met. 

The contro1"free d i rec t iona l   s tab i l i ty  as sham by the  variation of 
rudder--pedal force with sideslip was pos i t ive   in  a U  conditions (the 
forces were such as t o  tend t o  return the rudder t o  i ts  t r i m  position). 
The characterist ics of the ruddeIcspring"tab s p t e m  were the  determining I 

fac tors   in  the shape of the rudder-force c m e s  and consequently the 
rudder  force wag not  proportional t o  the  s ides l ip  angle up t o  the 
specified 15'. Although there mre instances  (figs. g ( a ) ,  l O ( a ) ,  and I O ( b ) )  I 

i n  which the  rudder  force began t o  l ighten at high deflections, the tendensy 
was sl ight .  

Dihedral effect.- The control-fixed  dihedral  effect as evidenced, by 
the slop of the curve of the variation of total aileron  angle  with side- 
s l i p  angle was positive in all conditfons at all spaeds. The airplane had 
a geometric dihedral angle of' 7 O  and i n  the Clem condition power off, the 
effective  dihedral angle was 4.70 throughout the speed range. The effective 
dihedral was s l igh t ly  less f o r  the power-on condition and less still with 
the flaps full down but  never  reached  zero, With the f laps  full  down, the 
effective  dihedral  decreased somewhat  at higher angles of sideslip.  

The control-free  dihedral  effect as shorn by the variation of aileron 
force with sideslip  angle was posi t ive  in   the flap-up cases at a l l  speds .  
In  the cases w i t h  the f l a p  m i a l l y  and fully down, the  aileron  control 
forces were all within the range of f r i c t ion  and, therefore,  although  the 
data show that at Low speeds the aileron  forces became lese at greater 
angles of s idea l ip  and, in  one case (fig. l l ( a ) ) ,  reversed, the apparent 
reversing tendency may be camed by the effect  of the friction  force on 
the measurements. However, mild reversing of aileron  control  force at 
high sidesl ip  angles was not considered  dangerom as fa r  as the handling 

L 

r 
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qual i t ies  of the ai- were concerned. No tests were made of the 
sideslip  characterist ics with the reduced control  fr iction  reported in 
reference 2. 

Pitch due t o  sideslip.- The pitching moment due t o  s ides l ip  with the 
control  fixed as sham by the  variation of elevator  angle w i t h  s ides l ip  
w a s  slight in  all conditions and alwaye in  the nose-down direction. The 
elevator  control  forces increased at higher asglee of, sideslip  but were 
not  objectionable t o   t h e  pilot. 

Special   tes te  were made t o  determine the   ab i l i t y  of the p i l o t   t o  
hold  altitude  while ms.kfna Xing-level skid turns. This maneuver was 
suggested as the manner of changing  heading on blind approaches when the 
a l t i tude  is so low that the p i lo t  would need t o  be cautious  not t o  s t r ike  
the ground with a wing t i p .  In such a maneuver, any unnoticed  pitching 
could  came an unbs5rabl.e loss i n  a l t i t ude .  Figure 1 4  presents tine 
his tor ies  of ‘several skid turn6 in  different  conditione w i t h  the   a l t i tude 
controlled and with the altitude  uncontrolled. With the a l t i t u d e  
uncontrolled, the airplane l o s t   a l t i t ude  only in right turns. I n  lef t  
turns   a l t i tude was gained in a few cases aa shown i n  figure 14(c) but i n  no 
instance was any loss In altitude found. This pitching  tendency was not 
noticeable f o r  changes of heading of 5O a ~ d  less .  Consequently, figure 14 
presents on ly  cdasges of heading of loo. Since the main coneideration of 
the t e s t s  was loss i n   a l t i t ude ,  recorda were t a b n  of 1eft”ekid  turns in 
on ly  one condition. The tendency t o  pitch dawn in right turns and up i n  
l e f t   t u rns  can be t raced   to   the  gyroscopic action of the propellers. 

Side-force  chmacterifitic&.- The side force as shown by the variation 
of the  angle of bank with sideslip angle was positive in a l l cond i t ions  
throughout the speed range. Therefore, the requfrement was fu l f i l l ed .  

Asymm4tric Load- Tests 

Special   tes ts  were made at the  request of the  Airplase HEtndling Qualftfes 
Subcomnittee of- the A i r  Transport Association to determine the   feas ib i l i ty  
of takedffs and lasd%s w i t h  one outboard tesk empty. Steady  sideslips, 
the data f o r   M c h   a r e  presented in figure 15, were made at several speeds 
in the  clean  conditions w i t h  the right - d i p  tank empty. The o d y  
disadvantage found was the   res t r ic ted  a i leron travel in the right 
direction due t o  the amount of aileron  necessary  to balance the asymmetric 
load. The ai leron  t ravel ,  however, was not l imited t o  such an extent that 
balancing at Large angles df s ides l ip  w a s  impossible. Approximately 
40 percent of fu l l  aileron  deflection was required f o r  l a t e r a l  trim at 
120 miles per hour. The res t r ic ted   a i le ron   t rave l  would resu l t  in limited 
pb/2V i n  the direction of the light wing, but  since the remainiq t rave l  is  
st i l l  within  the limits normally cal led f o r  in blind approaches (reference 11, 
ferrying flights could be made with one outboard task emptg without due 
risk. 
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Rudder-mee,  Asymmetric Power CRaracteristics 

The rudder-free, aeyrmnetric mer tests in the cruising  condition are 
k 

discussed i n  the section.  "Uncontrollable  attitude changes due t o  asymmetric 
power II ' 

Rolling Moment Due t o   S ides l ip  

The ro l l ing  molnent due t o  sideslip is discmsed  in  the section  "Lateral 
control power. 

Directional Trim 

The directional-trim c ~ c t e r i s t i c s  were maeured in 8teady  straight 
flight. These characterist ics are presented in  figure 16. The requfrement 
that the rudder control shall give sufficient  directional  control  to trim 
the airplane in steady level flight at aJI speeds in  all conditions was 
sat isf ied.  

Directional  Control Talosqffs and -s 

No t e s t s  were made of crosswind take-offs and landings. The airplane 
was easily controllable on the ground with the steerable nose wheel which 
is operated through a power boost eystem and it is felt  that the directional 
control i s  su f f i c i en t   t o  meet the  requiremnt  without  exceeding 180 pounds 
pedal force. 

Aspmetric Power Operation 

Uncontrolled a t t i tude  c-8 due t o  asymmetric paKer.- A t  the  request 
of the A i r p l a n e  Handling Qualities Subcommittee of the A i r  T r m p o r t  
AsSOCiatiOn special   tes te  were run t o  determine the tims it would t& t o  
reach a daqprous a t t i tude  if no corrective  control were applied upon the 
complete loss  of power of the most c r i t i c a l  engins. Records were taken of 
the airplane motions and the control angles and forces during the simulated 
loss of number 1 engine (left outboard). Tirne his tor ies  of these maneuvers 
i n  both  the  take-off and waTe-off condition with and without  corrective 
control are presented in  figures 17 and 18. The angle of bank presented I 

W&B obtained from an integration of the record of the rolling velocity. 
The s i d e s l i p  angle remained SILELU throughout the naneuver and colvrequently 
the  rapid  deviation from the straight and level f l i gh t  mth associated with 
large angles of sidesl ip  dld not appear. The time t o  reach a dangerous. 
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a t t i tude  was about 7 seconds in the take-off  condition and longer i n  the 
wavmff  condition. It is  fe l t  that 7 seconds is suff ic ient  time f o r  the 
pi lot  to cope w i t h  the emergency and be able to recover with ease. 

A record was also taken in  the  cruising  condition  (clean, pawer f o r  
leve l  flight at the speed f o r  maximum range) t o  determine the  uncontrolled 
motions of the airplane, A time history of the motions of the airplane is 
presented in   f i gu re  19. The ro l l i ng  moment can eas i ly  be counteracted  by 
the ailerons and the yaw3ng moment is quite nmR.1. Therefore, the airplane 
could be balanced in  straight flight wlth rudder free by banking and 
siaeslippirlg. 

Directional  control power.- Tests were made Fn simulated asymmetric 
power conditions to determfne the minim?rm sgeed at which the  airplane  could 
s t i l l  f l y  w i t h  zero sidedig. These tests were made i n  the  take-off and 
wave”off conditions with the most c r i t i c a l  engine (no. 1) idl ing and the 
remaining three engines delivering fu l l  t a b - o f f  power. Spot  records were 
taken in  steady straight flight at decreaefng airspeed until the  full 
rudder  control was used. The directional  characterist ics  during the 
asymmetric power operation in  the t w f f  and the wave-off conditions are 
presented in figure 20. The speeds at which the rudder pedals reached 
their   s tops were 109 m i l e s  per hour i n  the wave-off condition and 115 miles 
per hour i n  the talre-off  condition. The stalling speeds with pawer off 
were 87 and 96 miles per hour, respectively, at approximately 54,000 pounds 
and would be higher with the normal gross load. In t.he take-aff condition, 
then, the requirement that the rudder be able t o  hold  zero  sideslip at a l l  
speeds above 1.2 tirmss the s t a l l i n g  speed w i t h  power off i s  met. In the 
wave-off condition, the lowest speed  reached was 5 miles per hour  higher 
than 1.2 t-s the s t a l l i n g  speed w i t h  power off,  but there is no require- 
ment f o r  this conditian  even  though it is usually a more cr i t ical   condi t ion.  

The rudder  forces fn the take-off  condition were 185 pounds at the 
lowest speed and 165 pounds at the lowest speed in the wave-off conditian. 
Therefore, the C-54D i s  marginal i n  meeting the requlrements f o r  rudder 
forces in  the  take-off  condition with the most c r i t f c d  engine  idling while 
the remaining  engines deliver t-ff parer. 

Lateral control pm-er.- The lateral control power was sufficient t o  
balance the airplane l a t e r a l l y  in the foregoing  conditions  wfthout  exceedlng 
32 pounds of force  applied  tangentially  to the wheel. Therefore, the 
l a t e r a l  requirement that the ailerons  should be ca-gable of balancing the  
airplane during asymmetric power operation  without  exceeding 80 pounds 
wheel force was eas i ly  met. 

Lateral and directional trim devices.- The a b i l i t y  of the trim tabs t o  
trim the forces   to   zero throughout the speed range in the cruising  condition 
(clean, power for l eve l  flight at speed f o r  maximum range)  nith nmber 1 
engine idling is presented in Figure 21. The trim tabs are suf f ic ien t ly  



powerful t o  t r i m  the control  forces t o  z e r o  down t o  a speed of 116 miles 
per  hour  with one engine idling. The conditim  wlth  both number 1 and 
number 2 engines idling w a s  not tested,  However, since number 2 engine 
would produce less yawing mclment than nmber 1 with equal power, t o  t r i m  
the  airplane  directionally  with  both number 1 and. nlzmber 2 engines idl ing 
would require less than twlce  the t ab  deflection. From figure 21 the 
lowest  speed at which twice the rudder tab deflection would be obtained 
without  exceeding  the m ~ ~ i m u m  tab deflection  available would  be  approx- 
imately 140 miles per hour. 

Rudder t o  Overcome Adverse Aileron Yaw 

The rudder  required t o  overcame the  adverse aileron yaw was measured 
i n  rolls out of turns and i s  diecwsed in  the  section "Adveree Aileron 
Yaw and Rudder t o  Overcaw Adveree Aileron Yaw." 

Aileron  Control Power 

The power of the ailerons was tested by making abrupt r o l l s  from 
straight flight with the rudder held in  its trim position. T i m  histories 
of typical   a i leron  rol le  are presented in  figure 22. 

Rolling  acceleration.- The time his tor ies  8how that the  rol l ing 
accelerat ion  ie  in  the  correct  direction and that the peak ro l l ing  
acceleration  occurs lees than 0.3 second a f t e r  the m x l m w l m  aileron 
deflection is reached. Therefore, the requirements are sat isf ied.  

Aileron  effectivenes6.- The aileron-effectiveness  factor pb/2V and 
aileron-force  variations  with change in  aileron angle are sham in 
figure 23. A t  any given speed the rolling velocity is direct ly  propor- 
t ional  to  the  aileron-effectivenese  factor.  The roll ing  velocity,  there- 
fore ,  varied smoothly wtth aileron  deflection and m s  proportional t o  the 
aileron  deflection. 

This airplane trimmed in   s teady flight with approximately 3L0'left 
2 

ai leron in  most conditions. This was apparently due t o  so11119 twist i n  the 
w i n g  and would not be representative of all (2-54 airplanss. ' Since the 
to t a l   a i l e ron  angle was r e s t r i c t e d   t o  26O l e f t  and right, there was a 
greater change in  total aileron angle  available t o  the right than t o   t h e  
left. Consequently, with full aileron a greater pb/!2V was measured t o  
the right than t o  the left. The maximum pb/m  available t o  the left; 
was 0.067 in the Clem conditfon, 0.059 In the flaps full-down condition 
i f  extrapolated t o  full aileron  deflection. The requirement that a 
minimum pb/2V of 0.07 be available is not  satisfied.  Ead the airplane 
trimmed w i t h  the   a i leron  in   neutral  the value of pb/2V  would have been 
0.076 f n  the clean condition and 0,069 i n  the approach  condition, c 

I 



The aileron  control  forces  to  obtain  the maximum pb/2V of 0.065 in 
the  clean  condition -8 i n  excess of 80 pounds abave sFeeds 175 miles per 
-hour. In the flaps-dam, p a r d o w n  condition,  the &eel force t o  obtain 
the maximum pb/2V exceeded 80 pounds at all t e s t  speeds except the lowest 
(100 ?nile8 per hour). Figure 24 shows the maxlnnm gb/X available at 
various speeds utthout  exceeding 80 pounds w h e e l  force   in  both the clean 
an3 ths flapa-dam, ge- conditions. In the flaps4own, gear-down 
condition, a pb/2V in excees of 0.05 is available at all speed6 below 
140 miles per hour. Therefore, the requirement that the  ailerons  given 
a pb/2V of at l e a s t  0.05 at speeds of 1.1 t o  1.5 Vs i n   t h e  landing 
condition is sat isf ied.  

Rolling moment due to  sideslip.-  The time his tor ies  of tyyical  rudde?+ 
fixed aileron  rolls   presented in figure 22 show that the rol l ing  veloci ty  
did not reverse, and, therefore, the requirenent is sa t i s f ied .  

The l a t e r a l  and directional trim tabs were sufPfciently parerful t o  
t r i m  the  control forces t o  zero throughout the speed rangea in steady 
straight flight with all four  engines  opmting. The trim tabs retained 
the i r   se t t ing   indef in i te ly  and therefore the requirements were met. 

c o I T c L u s I o ~ s  

1. The C-54D test airplane met dl the   mil i tary requirement for  
l a t e r a l  and di rec t iona l   s tab i l i ty  and control  except as follows: 

(a)  The ailerorqwhen  deflected and released, did not completely 
r e tu rn   t o   t he  t r i m  position due t o  the friction in the system and the air- 
plane continued t o  roll. 

(b) The rudder  forces for trim in the %&-off  configuration with 
number 1 engine idl ing w e r e  only slightly less than the required value 
of 180 punds at the lowest speed. 

(c)  The aileron  effectivenees pb/2V with full aileron  deflection 
was slightly l e s s  than the  specified m i n f m ~ l m  of 0.07 i n  left ro l l s .  
Approximately 3$O left aileron was used f o r  trim because of some minor 
asymmetry i n  the a i r p l a n e  which may be pecul iar   to  the particular air- 
plane. If the airplane had trimmed with  neutral   ai lerons,  the a u e  
of pb/2V would hEtve been 0.076 in   the  clean condition and 0.069 in the 
f laps  and gea;r-down condftion- 

80 pounds abwe 175 miles per hour. 
(a) The aileron control  forces to obtsin the maximum pb/2V exceeded 

2. If the altitude were uncontrolled,  losses in altitude in &id 
turn8 were neglfgible unless large and abrupt right heading  changes of the 
order of 10' were made. Wen in this maneuver, the   a l t i tude lossee 
encountered  could be eaaily controlled, 
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3. An empty outboard  tank  required  approxfmately 40 percent full aileron 
deflection  in  the  clean  ccmdition at 120 miles per hour t o  balance the I 

asymmetric load  but  did not make flight dangerous. 

4. The tlms t o  reach a dangerous at t i tude,  when the power on the most 
c r i t i c a l  engine is  l o s t  on take-off o r  w a v e - o f f ,  wa8 low enough t o  allow 
the pilot   to  apply  corrective  action. 

.. 
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W A  F?M No . I&3O 1 3  

General: 
Span. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  117.5 
Length (over all). f% . . . . . . . . . . . . . . . . . . .  93-5 
Height.ft . . . . . . . . . . . . . . . . . . . . . . . . .  27.5 

W i n g  : 
Chord at root’(mACA 23016). ft . . . . . . . . . . . . . . .  19.08 
Chord at t i p  (NACA .23Ol2). ft . . . . . . . . . . . . . . .  5.88 
Incidence at theoretical  root. deg . . . . . . . . . . . . .  4 
Incidence a t  theoretical  tip. deg . . . . . . . . . . . . .  1 

Sweepback at 30 percent chord. deg . . . . . . . . . . . . .  1.28 
. Dihedral (nmeaeured at wing reference plane). deg . . . . . .  7 

Horizonta l  s tab i l izer :  
Span. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  39=5 
Maxirmun chord. f t  . . . . . . . . . . . . . . . . . . . . .  11.25 
Incidence. deg . . . . . . . . . . . . . . . . . . . . . . .  1 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . .  0 

Vertical   stabil izer:  
Eeight. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  14.25 
Maximum chord. f t  . . . . . . . . . . . . . . . . . . . . . .  12.33 

Fuselage : 
Width. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  10.42 
Height. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  n . 5  

Area: 
Wings ( l ess  ailerons). sq f t  . . . . . . . . . . . . . . . .  1341.6 
Ailerons (including  tab). sq f t  . . . . . . . . . . . . . .  120.4 
Aileron  trim  tab. sq f’t . . . . . . . . . . . . . . . . . .  3 - 3  
Wing flaps. sq f t  . . . . . . . . . . . . . . . . . . . . .  241.6 
Gross horizontal t a i E  surface. e q  f% . . . . . . . . . . . .  324.9 
Elevators (ast of hinge l ine  and including tabs). sq f t  . . 86.5 
Elevator t r i m  tab. sq f’t . . . . . . . . . . . . . . . . .  6.84 
Gross vertical  tail surface. sq ft . . . . . . . . . . . . .  179.3 
Rudder (aft of hFnge line and Including  tab). s~ ft . . . .  47.6 
Rudder spring and trim  tab. sq f t  . . . . . . . . . . . . . .  4.75 

Ailerons : 
Up. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  15 Down. deg . . . . . . . . . . . . . . . . . . . . . . . . .  u - 5  
Wing flaps. down. deg . . . . . . . . . . . . . . . . . . .  40 
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TABLE I - Concluded 

Elevator: 
u p , b g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
k w n , d e g . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

Rudder : 
Right, deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Lsft, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Elevator t r i m  tab: 
U p , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
DO-, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

Rudder tab (rudder neutral)  : 
R i g h t ,  deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Left, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

A i l e r o n  trim tab: 
Up, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
Down, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
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(b) Tbree-quarter front dew. 

Flgura 1.- Coatinwd. 
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(c)  Side view. 

Figure 1.- Continued. 
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(b) Aileron control. 

Figure 2.- Continued. 
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(c) Rudder O O D t Z o l .  

Ffgme 2,- Concluded. 
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m 12 4 0 4 8 12 /6 8 

Nose rigbf 

; I l I I I I r y ~  
Lse Rlghf 

Nose i e f f  
Rudder jab angie, dsg , 

?e 3.- Characteristics of the rudder spring tab w i t h  no load 
tab. C-%D airplane. Rudder fixed at neutral. 
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(a) 120 miles par hour. 

F-e 4.- T h e  history of a rudder kick and release. A i r p l a n e  condition, 
clean; normal rated parer; C+kD amlane. 
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NACA RM No. L 8 K 3 O  

Time, 58c . 

(b) 202 e e r s  per hour. 
Figure 4.- Concluded. 
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(b) 237 miles per hour. 

Figure 5.- Concluded. 
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- *  

Figure 6.- Variation of the maxlmam change in sideslip angle 
i n  aileron angle in rudder locked r o l l s  out of 45O banked 
C-54D airplane. 

wlth change 
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Figure 7.- T h e  hiptories of' r o l l s  out of 45' banked tWps C l e a n  
condition; power for level  f l ight; C-%D airplane. 
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(b) R O U E  out of right turms. 

Figure 7.- Concluded. 
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(a) ROUE out of left t m .  

Figure 8.- Time histories of rolls out of 43O banked turns. Flap8 down; 
gear dam; power for level flight. C - 9 D  airplane. 
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(b) R o l l s  out of right turne. 

Figure 8.- Concluded. 
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aRuddar 
0 Ele v a  for  
A R U ~ ~ W  fob 

(a) 120 miles per hour. 

Figure 9.- Sideslip  characterist ics.  C"5&D airplane; clean oonditfon; 
normal rated m e r .  
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Figure 9.- Continued. 



33 NACA RM No. -30 

200 
9 

7 

i 
o Aileron 
nRudder 

, 

fa  b 

Figure 9.- Continued. 
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10 0 /O 
Left Righf 

S/aes/~p angle> deg 

'(d) 225 miles per hour. 

Figure 9.- Concluded. 
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o Aileron 
n Rudder 

L e f f  Right 
S/’des/ /p ang/e, deg 

(a) 120 miles per hour. 

Figure 10.- Sideslip characteristics. C - 9 D  airplane; flape and gear up; 
power off .  
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Rudder 

Figure 10.- Continued. 
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oAi /eron 
o R u d d e r  
o € / e v a f o r  

fab 

( c )  200 miles per hour. 

Figure 10."- Continued. 
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(a) 225 miles per hour. 

Figure 10.- Concluded. 
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lo 

20 
20 /O 0 /U 20 

Leff R/qhf 
Sdeslip angle, o'eg 

(a) 120 mile8 per hour. 

Figure ll.- Sidesl ip characterietics. C-$D airplane; flape 20'; gear 
down; parer 20 in.; 2550 rpm. 
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200 40 

(b) 14-0 miles per hour. 

Figure ll.- Concluded. 
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/O 0 
Left 
S /de  d i p  ang/e, ;Is9 

(a) 100 miles per hour. 

Figure 12.- Sideslip characteristics. C-%D airplane; flaps and. gear 
down; normal rated parer. 
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(b) 120 miles per hour. 

Figure 12.- Concluded. 
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OE/evafor 
20 

ZQ n 20 

fab 

(a) 100 miles per hour. 

Figure13.- Sideslip oharacteristics. C-*D airplane; flaps and gear 
down; power off.  
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(a) Clean condition; power for level flight; no attempt made t o  
control  altitude; right turn; 1% miles per hour. 

Figure 14.- Time histor ies  of loo head- changes holding the wings 
leve l .  C-%D airplane. 

" 
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(b) Clean  condition; power for level fliglrt; altitude controlled; right 
turn; 19 miles per hour. 

Figure 14.- Continued. 
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(c) Flapis! up; gear d m ;  pmer for level flight; no attempt t o  control 
altitude; right turn; 140 miles per how. 

Figure 14.- Continued. 

. .. . .. 
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(d) F l a p  up; gear d m ;  m e r  for level flight; altituie controllect; 
right turn; 140 miles per hour. 
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(f) Approach condition; flaps XIo; gear d m ;  power fo r  level flight; 
a l t i tude  controlled; rigkt turn; 140 miles per hour. 

Figure 14.- Continued. 
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( g )  Approach condition; flaps 20°; gear d m ;  parer for level flight; 
no  attempt t o  control altitude; left turn; 140 miles per hour. 

Figure 14.- Continued. 
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0 4 8 /2 16 a9 24 28 
nme,  sec 

(h) Approach condition; flaps 20°; gear down; power for level flight; 
altitude  controlled; left turn; 140 miles per hour. 

Figure 14.- Continued. 
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4 8 /2 /6 20 32 
7imq sec 

(i) Final approach condition; f laps  full down; gear dawn; power f o r  
level fliw; no attempt to control  altitude; right turn; 
120 miles per hour. 

Figure 14.- Continued. 
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(j) Final approach condition; f laps full down; gear down; p o w e r  f o r  
'level flight; alt i tude controlled; right turn; 120 miles per hour. 

Figure 14.- Concluded. 
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40 

200 40 

(a) 120 milee per hour. 

Figure 13.- Sideslip  characterist ics w i t h  asymmetric load. 
C-%D airplane; clean condition; normal rated power; right 
w f n g - t i p  gas tank empty. 
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(b) 150 milee per hour. 

Figure 15.- Continued. 
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Figure 15.- Continued. 
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Figure 15.- Concluded. 
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(a) Clean condition, nopmal rated m e r .  

Figure 16.- Directional tTim characterietics. G 9 D  airplane. 
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(b) C l e a n  condition, power off. 

Figure 16.- Contbued. 
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( c )  Wav-ff condition; flaper full d m ;  gear d m ;  normal rated power. 

Figure 16.- Continued. 
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60 

(e) Approach condition; flaps 20'; gear down; parer 20 in. Hg, 2550 rpm. 
Figure 16 .- Concluded. 
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- 
(a) IT0 corrective  control  applied. 

Figure 17.- Time histor ies  of airplane motions during a wav-ff i n  which 
No. 1 engine fails aa p e r  ie applied. C - 9 D  abplane;  f laps f u l l  
down; gear dam; power init ially  off ,   but  increased t o  43 in. Hg 
during f i r B t  three s e c o m .  
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(b) Corrective control applied. 

Figure 17.- Concluded. 
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100 

(a) IT0 corrective control applied. No. 1 engine f a i l s  a t  0.7 second. 

Figure 18.- Tfme histor ies  of airplane motion8 during a simulated take- 
off in  which No. 1 engine f a i l s .  C-%D airplane; flaps 20'; gear 
down; power 43 in. I@; 25% rpm; No. 1 engine cut t o  idling. 

t 
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(b) Corrective control applied. No. 1 engine fails a t  0.8 second. 

FI-e 18.- Concluded. 
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Figure lg.-Time history of airplane motions after loss of parer on 
No. 1 engine in the crmise condition, C-%D Etirplane; clean power 
f o r  level flight before No. 1 engine cut to -idling at start of record; 
corrective control started at 10.5 8eCOnd8. 
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(a) Wav-ff from final approach  condition; flaps full d m ;  gear dam; 
._ " I 

No. 1 engine  idling; No. 2, 3, and 4 engines 45 in. Hg; 25% rp. 
Trimmed for symmetrical power in app-oach condition. 

Figure 20.- Lateral and longitudinal trim characteristics with asgmmetric 
power. C-*D airplane. 



75 

5 

0 

3- 

/U 

0 

(b) Take-off condition; flaps 20°; g e e  dam; No. 1 engine idling; Blo. 2, 
3, and 4 engine8 45 in. €I&; 2550 rpm. Trimmed f o r  symmetrical power 
in talre-off condition. .: 

Figure 20.- Concluded. 



NACA RM No. La30 

Figure 21.- Lateral and longitudinal tr3.m characterletice with asymmetric 
power; trim with trim tabs; C-%D airplane. Clean condition; power; 
No. 1 edgine idling; No. 2, 3, and 4 normal rated parer. 
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(a) C l e a n  condition; power for level  flight. 

Figure 23.- Variation of aileron.whee3. force and aileron  effectiveness 
parameter with change in   t o t a l   a i l e ron  angle at various speeds. 
C-%D airplane. 
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(b) Flaps and gear d m ;  power for level flight. 

79 
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(a) clean condition; power for level  flight. 

Figure 24.- Variation of maxbnm pb/2V available without exceeding 
80 pounds of wheel force w i t h  indicated airspeed. C-%D alrplane. 
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Figwe 24.- Concluded. 
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